Background Melanoma patients with intra-nodal nevi (INN) and without melanoma metastasis in the sentinel lymph node biopsy (SLNB) are generally treated as patients with negative SLNB. However, diagnosis of INN may be difficult and nodal melanoma metastases may falsely be regarded as INN. Objectives Our aim was to evaluate the clinical significance of INN in the SLNB in patients with primary cutaneous melanoma on a nationwide level in The Netherlands by comparing survival between three groups: patients with INN and without nodal melanoma metastasis (INN group), patients without INN and without nodal melanoma metastasis (negative SLNB group) and patients with nodal melanoma metastasis irrespective of INN (positive SLNB group). Methods Data were obtained from 'PALGA', the Dutch Nationwide Network and Registry of Histopathology and Cytopathology, yielding a cohort of adults with histologically proven, primary, invasive cutaneous melanoma patients in The Netherlands diagnosed between 2000 and 2014 who underwent SLNB. Clinical and pathological variables were extracted from the pathology text files. Differences between patients with INN, negative SLNB and positive SLNB were analysed using Kaplan-Meier analysis. Results A total of 11 274 patients were eligible for inclusion. The prevalence of INN in the SLNB was 5.0%. Melanomas with INN had similar median Breslow thickness compared to melanomas with negative SLNB and were more frequently located on trunk and upper limbs and observed in younger patients compared to melanomas with negative and positive SLNB. Overall survival of patients with INN showed no significant difference compared with negative SLNB (median follow-up of 5.7 years of all patients).
Introduction
Skin cancers (excluding basal cell carcinoma) are the second most common registered cancer in The Netherlands in both men and women, of which melanoma comprises 39.8%. 1 Additionally, melanoma accounts for the vast majority of skin cancer-related deaths with rapid and unpredictable metastasis where treatment opportunities are still limited and its incidence is expected to rise. 2, 3 According to current national and international guidelines, sentinel lymph node biopsy (SLNB) is advised for patients with primary cutaneous melanoma staged T1b or higher to optimally inform patients on their prognosis. 3 Some patients will have benign intra-nodal nevi (INN) in the SLNB for which two hypotheses have been described. One states INN are the result of benign dissemination of cutaneous melanocytes, and another hypothesis claims INN are settling neural cells during embryonal migration of cells from the neural crest. [4] [5] [6] INN are mostly located in the capsule or trabeculae of the lymph node and can be difficult to distinguish from nodal melanoma metastasis. 7, 8 A misdiagnosis of melanoma metastasis as INN may lead to false staging and inappropriate treatment. Previous studies have described an association between the presence of INN and primary cutaneous melanoma, and are also described in patients with other malignancies, including breast cancer, and in patients without malignancies. 7, [9] [10] [11] The reported prevalence of INN in the SLNB in patients with melanoma described ranges from 3.9% to 25%. 7-9,11-,14 Patients diagnosed with INN (and without nodal melanoma metastasis) are treated as SLNB-negative patients in current practice. Only few studies have reported the clinical significance of INN and discuss the consequences of potential misdiagnoses. [12] [13] [14] To the best of our knowledge, the prevalence of INN in the SLNB in patients with primary cutaneous melanoma in The Netherlands and the clinical significance of INN compared with negative and positive SLNB is unknown. The aim of this study was therefore to describe the frequency of INN in patients with primary cutaneous melanoma in The Netherlands and to compare survival of patients with INN to patients with negative and positive SLNB.
Materials and methods

Design and study population
Data for this retrospective nationwide study were derived from 'PALGA', the national Pathology registry that since 1987 prospectively collects all pathology data from all pathology laboratories in The Netherlands (http://palga.nl). For the present study, adults with histologically proven primary cutaneous melanoma of all stages with known Breslow thickness (BT) who underwent SLNB between 2000 and 2014 were included. We divided patients into three groups: patients with INN and without nodal melanoma metastasis in the SLNB (INN group), patients without INN and without nodal melanoma metastasis in the SLNB (SLNB-negative group) and patients with nodal melanoma metastasis in the SLNB (SLNB-positive group). In case of a positive SLNB, we did not consider any further the presence of INN, as it does not influence survival. Nodal nevi were recognized based on their localization mostly within the capsule of the lymph node, their often triangular shape with a broad base, lack of cellular atypia and mitosis, being S100/Melan A positive if stained by immunohistochemistry.
Data collection
For each patient, clinical and pathological variables were manually extracted from the pathology text files, including year of diagnosis, age, sex, BT (mm), T stage, ulceration (present or absent), type of cutaneous melanoma [superficial spreading melanoma (SSM), nodular melanoma, lentigo maligna melanoma (LMM) and acral lentiginous melanoma (ALM)] and body site [head and neck (H&N), trunk, arms or legs]. Patients with desmoplastic melanoma or patients without or unclear BT or unclear SLNB results were excluded. In addition, we excluded patients who had metastases within 14 days after diagnosis of melanoma, determined with a direct complete lymph node dissection (CLND), fine needle aspiration (FNA) or otherwise diagnosed positive lymph nodes, to ensure patients were free of metastases prior to their diagnosis of primary melanoma. Staging was based on guidelines at the time (2000-2002 5th AJCC, 2003-2009 6th AJCC, 2010-2014 7th AJCC). 15, 16 As guidelines do not comment on the desired time between primary excision and SLNB, which in practice is known to vary for different reasons, we arbitrarily decided to include all SLNB performed within 100 days after initial diagnosis. 17 Eventually, we excluded patients with multiple primary melanoma, as previous research showed these patients have worse overall survival (OS) as compared to single primary melanoma patients. 18 Follow-up, OS data and vital status (dead or alive) were obtained from The Netherlands Cancer Registry, which gathers information on every patient with cancer in The Netherlands, ending at date of death, date last known alive or 1 January 2018.
Statistical analysis
For continuous data, skewness and kurtosis tests were used to demonstrate normal or non-normal distribution (normal distribution for scores between À1 and 1). Normally distributed data were expressed in mean with standard deviation (SD), and non-normally distributed data were expressed as median with interquartile range (IQR). Depending on distribution, one-way ANOVA tests (normal distribution) or Kruskal-Wallis tests were used to compare differences for continuous variables. Chi-squared or Fisher's exact tests were used for comparison of categorical data. OS was illustrated using Kaplan-Meier curves and compared by log rank test. P-values < 0.05 were considered statistically significant. Statistical analyses were performed with Statistical Package for Social Sciences (SPSS) software (IBM Corp. Released 2012. IBM SPSS Statistics for Windows, Version 21.0., IBM Corp., Armonk, NY).
Ethical approval
All data were encoded and used anonymously. Ethical approval was granted by the board of PALGA. 
Results
Patient characteristics
Overall survival
The median follow-up period was 5.7 years ( Table 1 ). The OS curves showed significantly worse OS for patients with positive SLNB compared with patients with negative SLNB and only INN ( Fig. 1 , P < 0.001). No significant difference in OS was found for patients with only INN and negative SLNB (P = 0.19).
Discussion
In this study, we present the largest cohort on patients with primary cutaneous melanoma and INN in the SLNB in The Netherlands to date and demonstrate clinical differences between melanoma patients with only INN compared with patients with negative and positive SLNB.
We observed a prevalence of only INN in the SLNB of 5.0%, which is in line with other studies describing a prevalence of 3.9% up to 25%. 7-9,11-,13 Our relatively low prevalence could partly be explained by the retrospective nature of our study as we extracted all information on the SLNB from text files, assuming INN not to be present if not reported in the text files. Most previous studies provided single-centred data, where the same pathologists observed the histology of the SLNB, perhaps resulting in more awareness for INN. 9,10,12-14 INN mostly occur in the capsule or trabeculae of the lymph node, 13, 19 but in rare cases INN occur in the parenchyma of the lymph node which is 9, [21] [22] [23] Only three previous studies discuss the clinical significance of INN in the SLNB in patients with primary cutaneous melanoma. [12] [13] [14] Similar to our results, Gambichler et al. 13 described a significant association between the presence of INN and cutaneous melanoma localization on the trunk and upper limbs, the lower extremities being the strongest negative predictor of INN. 13 Smith et al. 12 showed a comparable association but the difference was not significant. Contrary to our results, Kim et al. described all INN were found in the lymph nodes of the lower extremities. Their study population, however, concerned Asian patients with acral lentiginous melanoma, thereby presenting a very different study cohort of moreover small sample size. 14 However, regarding both earlier mentioned hypotheses for the origin of INN we have no explanation for the association between the presence of INN and anatomical sites, as in both hypotheses we would expect no differences.
Gamblicher et al. 13 reported that females had more often INN, while Smith et al. 12 reported the opposite. In the present study, no significant association was found between gender and the occurrence of only INN in the SLNB. Additionally, our patients with only INN were significantly younger compared with patients with negative and positive SLNB, a finding also described by Gamblicher et al. 13 We hypothesized this might be the resulting from ageing and disappearance of INN during ageing, which is a well-known phenomenon in cutaneous nevi as well. 24 Similar to most other studies, no significant association was found between BT and the occurrence of INN. 12, 13 Only one study described a significant positive correlation between BT and presence of INN. 11 However, this study only included eight INN patients.
Regarding ulceration, we found a nearly similar ulceration rate between INN-and SLNB-negative patients (respectively 19.2% and 20.3%), compared with 35.1% in SLNB-positive patients (P < 0.001). This is no surprising finding, as it is known that ulceration is a negative prognostic factor and associated with higher BT as well, both of which is known to increase the likelihood of a positive SLNB. 25, 26 No significant difference in OS was found between patients with only INN and patients with negative SLNB, corroborating previous studies, 12, 13 while patients with positive SLNB had significantly worse OS as expected. However, patients with INN in our study were significantly younger compared with patients with negative and positive SLNB, which may have affected OS. However, as there was no significant difference in OS between patients with INN and patients with negative SLNB, correction for confounders was not deemed necessary. The fact that OS for patients with INN and patients with negative SLNB is similar indicates that INN and melanoma metastases can be accurately discriminated by pathologists in The Netherlands.
Strengths of our study are the large sample size of included patients with single primary cutaneous melanoma and the relatively long median follow-up time of 5.7 years. A limitation is the retrospective study design, consequently leading to a risk of information bias with possible underreporting of INN, as we explained earlier. The similar OS of patients with INN and negative SLNB patients indicate that our findings may yet be representative.
In conclusion, our findings suggest that there is no significant difference in OS between cutaneous melanoma patients with INN or negative SLNB, indicating that diagnosis of INN is reliable and it is appropriate to regard and treat patients with INN and without nodal melanoma metastasis as patients with negative SLNB. 12 
